SUMMARY Three patients with aortic arch anomalies presented with severe heart failure, acidaemia, and poor or absent upper and lower limb pulses. Prominent carotid arterial pulsations were detected which distinguished the condition clinically from aortic atresia. In 2 patients with a left aortic arch, interruption was distal to the left common carotid artery and there was an aberrant right subclavian. In the 3rd patient with a right aortic arch, interruption was distal to the right common carotid and there was an aberrant left subclavian artery. By dilating the narrowed ductus, prostaglandin E2 infusion corrected the acidosis. Successful surgical correction was achieved in one patient by direct anastomosis of descending aorta to ascending aorta and the base of the left common carotid artery.
Complete interruption of the aortic arch is a rare congenital anomaly which normally presents in infancy with heart failure and acidaemia (Fishman et al., 1976) . There is almost always a ventricular septal defect and persistence of the ductus arteriosus (Roberts et al., 1962) . When the interruption is between the left common carotid artery and the left subclavian artery (type B of Celoria and Patton (1959) ), the descending aorta is supplied from the pulmonary artery via the ductus arteriosus and also by retrograde flow from the left vertebral artery, which also supplies the left subclavian artery.
When an infant presents with cyanotic congenital heart disease, heart failure, acidaemia, and reduced or absent upper and lower limb pulses the diagnosis of aortic atresia is likely. With type B interruption of the aortic arch, when the right subclavian artery arises aberrantly from the descending aorta, and the ductus arteriosus constricts (Fig. 1) , a similar clinical picture is found. In this case, however, there will be normal or bounding carotid pulses. This is now a surgically correctable lesion and hence the importance of its recognition. We report 2 cases that presented in this manner, and a further similar patient with a right-sided aorta, grossly hypoplastic arch distal to the right common carotid, and aberrant left subclavian artery.
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,LS RS DAo Fig. 1 The ascending aorta (AAo) gives off only the right common carotid artery (RCC) and the left common carotid artery (LCC). The pulmonary artery (PA) connects with the descending aorta (DAo) through a constricted ductus arteriosus. The left subclavian (LS) and right subclavian (RS) arteries arise from the descending aorta and give off the right vertebral (R V) and left vertebral (LV) arteries.
2 9 kg. On day 2 a murmur was noted and at that time all the peripheral pulses were normal. The next day he became cyanosed, tachypnoeic, and was found to be in heart failure with no pulses palpable in the arms or legs. He was transferred to the Wessex Cardiothoracic Centre where he was found to be severely tachypnoeic, sweating profusely, with 3 cm hepatomegaly. There were no pulses palpable in the limbs but bounding carotid pulses were present bilaterally. There was a much increased parasternal impulse and on auscultation there was an ejection click, soft short ejection systolic murmur, and a single second sound. The ECG suggested right ventricular hypertrophy and the left ventricular potentials were well seen. The chest x-ray showed a large heart with plethoric lung fields.
The echocardiogram showed the presence of 2 atrioventricular valves, 2 ventricles and 2 arterial valves, the anterior of which had midsystolic closure suggesting that it was the pulmonary valve.
Cardiac catheterisation proved the diagnosis of complete interruption of the aortic arch between the left common carotid artery and the left subclavian artery with the right subclavian artery arising aberrantly from the descending aorta (Fig. 1) . Injection into the ascending aorta showed delayed retrograde filling of both vertebral arteries, and hence both subclavian arteries and the descending aorta. There was also a ventricular septal defect and a persistent ductus arteriosus. When the catheter was passed from the pulmonary artery to the descending aorta there was loss of pressure waveform and injection of contrast showed very slow clearing from the descending aorta. There was also a small left-toright shunt at atrial level which proved to be due to a secundum atrial septal defect.
Surgical correction was performed the same day using profound hypothermia, and total circulatory arrest at 18°C (Barratt-Boyes et al., 1971) . The technique was virtually the same as that used by Trusler and Izukawa (1975) . The descending aorta was dissected and mobilised and the duct divided from the pulmonary artery. The descending aorta, with most of the duct tissue removed, was then anastomosed to the ascending aorta and base of left common carotid artery. The pulmonary arteriotomy was closed and the right atrium incised. The atrial septal defect was closed directly, and the ventricular septal defect was closed through the tricuspid valve using a dacron patch. Total circulatory arrest lasted 68 min and the baby was taken off the ventilator and extubated 6 hours postoperatively. The postoperative course was complicated by intermittent collapse of the right upper lobe, but he left hospital 16 days after the operation.
He has not yet been reinvestigated but was well and thriving 3 months after surgery although he appears to have developed some aortic narrowing as the right arm and leg pulses are absent; however the left arm pulse is still present, but reduced. (Fig. 2) .
Injection into the left-sided descending aorta showed the left subclavian artery, the aberrant right subclavian, and the constricting ductus arteriosus (Fig. 3) . Attempts at surgical correction were unsuccessful: the child died on the operating table.
The necropsy showed situs solitus, concordant atrioventricular and concordant ventriculo-arterial connections. The left-sided ascending aorta was a small channel giving rise only to right and left carotid arteries, confirming the angiographic diagnosis. The pulmonary artery was in continuity through a ductus with the descending aorta, from which arose the left and then right subclavian arteries. The right subclavian artery was posterior ascending behind the oesophagus. The arch was absent between left common carotid and ductus. The large ventricular septal defect resulted from backward displacement of the parietal insertion of the infundibular septum. The displaced infundibular septum caused severe narrowing of the left ventricular outflow tract, i.e. subvalvar aortic stenosis. The catheter is across the ventricular septal defect (between arrows) and there is faint left-to-right shunting of contrast across the ventricular septal defect.
were felt. On asucultation there was a split second sound with a loud pulmonary component and a short systolic murmur at the lower left sternal edge.
Arterial Po2 in 100 % oxygen was 8 kPa (60 mmHg), [HI] 64 nmol/l (pH 7-19), base excess 18 mmol/l.
The ECG showed left ventricular hypertrophy with deeply inverted T-waves in the left chest leads.
Cardiac catheterisation showed a left-to-right shunt at ventricular level with equal ventricular pressures. The catheter was advanced through the ductus arteriosus into the descending aorta where the systolic pressure was 35 mm lower, indicating ductal constriction.
During and after cardiac catheterisation, acidosis became increasingly severe despite administration of IV bicarbonate. The child was considered too ill to undertake surgery at this stage. In order to improve systemic perfusion which was largely dependent on patency of the ductus, prostaglandin E2 infusion at the rate of 0 10 Vg/kg per min was begun.
This was delivered directly into the ductus from a catheter inserted via the umbilical artery. Within 15 min peripheral pulses became palpable and-acidosis improved. The child remained anuric, however, and died on the operating table.
Necropsy showed situs solitus, normal connections, right-sided ascending aorta giving rise to both right and left common carotid arteries. The pulmonary artery was in continuity through a large ductus with a right-sided descending aorta from which arose the right and aberrant left subclavian arteries. The arch was grossly hypoplastic between the right common carotid and ductus. There was a large defect between the right ventricular infundibulum and the left ventricular outflow tract which appeared to be due to a complete absence of the infundibular septum.
Discussion
Patients with interruption :of the aortic arch associated with a ventricular septal defect and persistent ductus arteriosus commonly present with heart failure in the first few days of life and 80% die in the first month. Therefore early recognition of the lesion is vital as surgical correction is possible (Tyson et al., 1970; Barratt-Boyes et al., 1972; Murphy et al., 1973; Losman et al., 1974; Trusler and Izukawa, 1975; Fishman et al., 1976; Ventemiglia et al., 1976; Monro et al., 1977) . Origin of the right subclavian artery from the descending aorta has been reported with interruption of a left aortic arch (Evans, 1933; Kleinermann et al., 1958; Tabakin and Hanson, 1960, Zetterqvist, 1967; Morgan et al., 1970; Van Praagh et al., 1971; Subramanian, 1972; Kauffet al., 1973; Murphy et al., 1973; Trusler and Izukawa, 1975) . We have been unable to find reports of an aberrant left subclavian artery associated with a hypoplastic right aortic arch.
At necropsy in infants with arch interruption the ductus arteriosus is usually widely patent with some wrinkling of the intima. Fournier and Zaidi (1960) , Van Praagh et al. (1971), and Subramanian (1972) reported cases in which there had been significant narrowing of the ductus arteriosus. The combination of a right subclavian artery arising from the descending aorta and narrowing of the ductus arteriosus was present in the cases reported by Van Praagh et al. (1971) , Subramanian (1972) , and in 2 of our cases. In these, and in our 3rd case, a characteristic clinical picture of absent or markedly reduced limb pulses with bounding carotid artery pulsation was produced. This occurred because the subclavian arteries arose from the descending aorta, supplied by the narrowed ductus and by retrograde flow in the vertebral arteries. The detection of the large amplitude pulsation in the carotid arteries should suggest the clinical diagnosis. If carotid pulsation is not detected in an infant with heart failure, acidaemia, and absent limb pulses, aortic atresia-an inoperable lesion-may be mistakenly diagnosed. We have seen 2 patients with similar clinical findings caused by an intracranial arteriovenous fistula. The volume overload of the heart, due to the left-to-right intracranial shunt, caused heart failure and all the pulses were small except for the carotid arteries which were bounding as they supplied the arteriovenous fistula.
Infusion of prostaglandin E2 0 1 ,pg/kg per min has been used to dilate the ductus arteriosus in pulmonary atresia when pulmonary blood flow was dependent on its patency (Rudolph, 1977 
